Introduction

35
The Sahel is known as one of the largest semi-arid regions in the world and 36 livelihoods of the sahelian rural population depend primarily on rain-fed agriculture and 37 livestock farming (Leisinger and Schmitt, 1995) . The Sahel zone is characterized by high Fig.1) . The delineation was derived from the ARC2 average annual rainfall 114 with northern/southern boundaries of 100 mm and 700 mm, respectively ).
115
Typically, the rainy season lasts from June to early October with a peak in August (Le Barbé   116 and and is characterized by a high inter-annual variability, with a coefficient of 117 variation of the mean annual rainfall ranging from 15% to 30% (Sivakumar, 1989) . The 11×11 km). ARC2 builds on ARC1 that is developed using the algorithm applied in the RFE2
134
(Rainfall Estimation version 2) which is found to be amongst the most reliable products of 135 satellite based datasets covering Africa (Love et al., 2004) . The difference as compared to 136 RFE2 is that ARC1 uses only gauge and infra-red data whereas RFE2 uses additional 137 microwave data, which is not available prior to 1995 (Love et al., 2004 
Variables describing the rainfall regime
157
Variables based on daily rainfall were defined to characterize the rainfall regime Table 10 ).
176
Seasonal distribution of the rainfall over the wet season was calculated from the ratio of the 177 rainfall between the first and second half of the season. The first occurrence of at least 20 mm cumulative rainfall within 7 days after May 1, followed by a total of 20 mm rainfall within the next 20 days.
Cessation of rainy season
The occurrence of 20 consecutive days with cumulated rainfall less than 10 mm after September 1.
Length of rainy season
Number of days between the onset and the cessation of the rainy season Seasonal rainfall amount Rainfall amount during the rainy season.
Rainy day
Number of rainy days (≥1 mm day -1 ) between the onset and cessation. Frequency
The percent of rainy days: the number of rainy days/length of rainy season. Intensity Amount of rainfall within the rainy season amount/the number of rainy days.
Seasonal distribution
Ratio of rainfall between the first and second half of the wet season (50% of length of season).
Dry Spell
Rainfall <1 mm day -1 during a period of at least seven consecutive days.
Frequency of dry spell
The number of dry spells during rainy season. Length of dry spell Mean length of dry spells.
Cumulative dry days
The total number of dry days accumulated over all dry spells in a rainy season. 
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Methodology
Results
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Spatio-temporal correlations between rain gauges and ARC2
212
Spatio-temporal correlations between rain gauge and ARC2 data were examined by 213 successively analyzing: (i) the rainfall variables across the rain gauge sites; and (ii) the time 214 series of annual standardized seasonal rainfall averaged over the sites. is observed (Fig.2h) . The higher representation of low rainfall from the satellite also results in 225 a higher satellite based number and frequency of rainy days ( Fig.2e-f ) and correspondingly 226 lower values of satellite based rainfall intensity (Fig.2g) . While the satellite seasonal rainfall 227 amounts are close to gauge measured rainfall, the observed correspondence includes much 228 more frequent low rainfall events and slightly less frequent strong rainfall events ( the calculation of rainfall intensity to be higher for ARC2 as compared to MSWEP (Fig.3g ).
256
The difference in frequency of rainfall events causes the dry spell comparisons to show 257 moderate agreement (r values between 0.23 and 0.27) ( Fig.3j-l) . 
Inter-annual variability and trends of rain gauge and ARC2 variables
270
The temporal consistency of rainfall variables over the 33-year period for both gauge 271 and ARC2 (Fig.4) was assessed using the correlation coefficients and statistical significance 272 was determined by Pearson's t-test accounting for serial correlation ( Table 2) . The results are Negative anomalies dominated from 1983 to the end of the 1990s, while after this 288 period, more consistent positive anomalies from 2000 to present were observed (Fig.4c-k) .
289
The increase in rainy season length associated with a significantly negative trend in the onset 290 dates of the rainy season is found in both ARC2 and gauge ( Fig.4a and c) . Rain gauge data
291
indicates significantly positive trend in the number of rain events from the small (1-10 mm 292 day -1 ) to the high (>30 mm day -1 ), which agrees with the results of ARC2, except for the 293 trend of small rainfall events (not significant for ARC2) ( Table 2 ). The ARC2 based rainfall 294 intensity is characterized by a significantly positive trend, which is not supported by the 295 gauge data ( Fig.4g and Table 2 ). It is noticeable that no significant trends are observed for show that inter-annual variability of all rainfall metrics appears to be dominated by shorter 303 year-to-year fluctuations ( Fig.5 and Fig.S5 ). Strong inter-annual fluctuations are observed in 304 in several variables, e.g., the onset and cessation dates (Fig .5a-b) . A higher inter-annual (Fig.5d, h-k) . Multi-year fluctuations could also be identified for variables of the 308 seasonal timing (Fig.5a-c) . (Fig.7c) , the seasonal rainfall amount (Fig.7d) , rainy day (Fig.7e) , the frequency of rainy 372 days (Fig.7f) , and the number of days with medium rainfall (10-20 and 20-30 mm day -1 ) and 373 to some extent, high rainfall (>30 mm day -1 ) ( Fig.7g and i-k 
Reliability of daily ARC2 rainfall estimates: opportunities and uncertainties
406
We have shown that a general spatio-temporal consistency exists between rainfall 407 variables extracted from ARC2, MSWEP and rainfall station data, which can be used to 408 characterize the rainfall regime in the Sahel. This does not, however, apply to small rainfall 409 events (especially 1-10 mm day -1 ) (Fig.2h, Fig.S2 and Fig.3h 
